African Americans have higher rates of type 2 diabetes (T2D) and some forms of cardiovascular disease (CVD) than do European Americans. African Americans also have much higher rates of vitamin D deficiency. There is emerging evidence that vitamin D deficiency may be a risk factor for hypertension, T2D, and CVD, but the extent to which racial disparities in disease rates are explained by racial differences in vitamin D status is uncertain. Despite a large number of observational studies and a limited number of clinical trials that examined 25-hydroxyvitamin D [25(OH)D] concentrations as a potential determinant of CVD and T2D or its precursors, it remains uncertain whether improving vitamin D status would reduce risk of these conditions in the general US population or in African Americans specifically. However, if the associations reported from the observational studies are of the estimated magnitudes and causal, vitamin D supplementation could potentially have a strong preventive effect on some of these conditions and could reduce race-related disparities in their prevalence. Because of the low 25(OH)D concentrations of many, if not most, African Americans, and the low risk associated with vitamin D supplementation, it is important to obtain more definitive answers to these questions.
INTRODUCTION
Hypertension, stroke, and diabetes are more prevalent (Table  1) , and deaths from major cardiovascular diseases (CVDs) and diabetes are substantially higher ( Table 2) , in African Americans than in European Americans. Reasons for this disparity are unclear. Some of these differences may be explained by a higher prevalence of obesity in African American women (Table 1) . Another potential explanation is the much higher rate of vitamin D deficiency in African Americans, in both men and women. Emerging evidence suggested that vitamin D deficiency may be an important risk factor for CVD and type 2 diabetes (T2D). The purpose of this article was to use current evidence to discuss the possibility that low vitamin D concentrations in African Americans 1) increase risk of these conditions and 2) contribute to the race-related disparities in their prevalence.
VITAMIN D ACQUISITION AND METABOLISM
Vitamin D is produced in the body when the skin is exposed to ultraviolet B light. It enters the circulation and is converted in the liver to 25-hydroxyvitamin D [25(OH)D], which is the metabolite that best reflects the acquisition of vitamin D over preceding weeks. 25(OH)D is converted in the kidney to the most biologically active metabolite, 1,25-dihydroxyvitamin D, which is a secosteroid hormone that influences many physiologic processes including, but not limited to, calcium absorption and skeletal mineralization. 25 (5), modestly lower vitamin D intake (6), and skin pigmentation. Obesity is an important contributor to vitamin D deficiency because it reduces the increase in 25(OH)D concentrations that occurs with the oral consumption of vitamin D (7) and perhaps also because vitamin D acquired from the sun and diet may be sequestered in fat tissue and, thus, made unavailable to the circulation (8) . Skin pigmentation affects vitamin D status because melanin, which is the predominant pigment, is an effective sunscreen that protects the skin from sun damage but, like exogenous sunscreens, also reduces vitamin D production in the skin. Thus, although European Americans and African Americans show seasonal changes in 25(OH)D concentrations that are commensurate with reduced and less-effective ultraviolet B exposure in the winter, the summer-related increases in 25(OH) D concentrations of African Americans, especially African Americans in the northern states, are substantially lower than those of European Americans (9) . In areas closer to the equator, blood concentrations of 25(OH)D in blacks may be as high as or higher than those of US whites. For example, a group of pregnant black women in the Gambia (latitude: 13°north) had a 25(OH)D blood concentration of 102 nmol/L, which is a concentration rarely seen in US blacks who are not taking high-dose vitamin D supplements (10) .
ASSOCIATIONS OF VITAMIN D STATUS WITH CHRONIC HEALTH CONDITIONS
There is some controversy as to the optimal blood concentration for 25 (11) . Baseline 25(OH)D concentrations of the study participants averaged 43 and 48 nmol/L in the supplemented and placebo groups, respectively, and the authors observed no benefit of supplementation (20-50 lg vitamin D 3 /d) on changes in bone mineral density over 3 y. Some evidence suggested that African Americans may have a relative resistance to the resorptive skeletal effects of parathyroid hormone (12) , and thus, decreases in parathyroid hormone concentrations that occur with vitamin D supplementation may fail to provide a benefit in this group as it appears to do in others. However, because mechanisms relating vitamin D status to nonskeletal conditions, including CVD and T2D, may differ from those affecting bone, this study did not address potential benefits of improved vitamin D status on these conditions in African Americans.
Evidence that vitamin D deficiency might increase CVD and T2D risk in the US population comes largely from animal studies and observational studies in humans. A recent systematic review and meta-analysis of observational studies that involved 99,745 study participants examined the association of 25(OH)D concentrations with cardiometabolic disorders including CVD, T2D, and the metabolic syndrome. The authors reported that the highest concentrations of serum 25(OH)D were associated with a 43% reduction in cardiometabolic disorders compared with the lowest concentrations, and reductions of 51% and 55% were seen for metabolic syndrome and T2D, respectively (13) . If these associations are actually of this magnitude and causal, they would indicate that improving vitamin D status could substantially reduce morbidity and mortality from CVD and T2D. Even a much smaller benefit would be extremely important from a public health standpoint because appropriate vitamin D supplementation is inexpensive and safe, especially relative to the pharmaceutical and surgical methods currently used to prevent and treat these conditions.
Most of the observational studies that have examined associations of 25(OH)D concentrations with CVD-or T2D-related outcomes did not include enough African American participants to conduct analyses stratified by race. An important exception is NHANES, which is the largest US population-based study that includes a large number of African American participants and blood measurements of 25 Some articles from NHANES have suggested that the association of 25(OH)D concentrations with certain outcomes may differ by race. For example, Reis et al (15) reported that lower 25 (OH)D concentrations were associated with a higher prevalence of CVD in non-Hispanic whites but not in non-Hispanic blacks.
In the simplest statistical model, which was only adjusted for age (18) . Calcified atherosclerotic plaque, which is an indicator of atherosclerosis, is a predictor of future cardiovascular events. Although prior studies in European Americans showed an inverse association between 25(OH)D concentrations and calcified atherosclerotic plaque, a positive association was shown for calcified atherosclerotic plaque of the aorta and carotid artery in the African American Heart Study cohort. However, it was apparent from the plotted values for aortic calcified plaque by 25(OH)D concentrations that the estimated increased risk occurred at 25 (OH)D concentrations .75 nmol/L. Thus, this study, although it suggested that improving vitamin D status may not reduce risk of calcified aortic plaque in African Americans, should not be interpreted as providing evidence of harm from increasing 25 (OH)D concentrations to 75 nmol/L, which is a commonly recommended concentration that is well within the physiologic range for blacks as well as whites.
LIMITATIONS OF OBSERVATIONAL STUDIES
The well-known axiom that observational studies can describe associations but cannot establish causality is particularly important to remember when it comes to vitamin D research. This is because many of the same factors that determine 25(OH)D concentrations (eg, the use of multivitamins and other supplements, body size and adiposity, and outdoor physical activity) are also strong determinants of many chronic health conditions. Although NHANES and other important studies collect extensive data related to these and other relevant covariates, the potential for residual confounding is always present. Furthermore, it is not always easy to distinguish confounding variables, which should be adjusted for, from those in the causal pathway, which should not be adjusted for. For example, body mass index (BMI) is a potential confounder of the association of 25(OH)D concentrations with CVD because an elevated BMI is a cause of vitamin D deficiency and a risk factor for CVD. However, one can also argue that 25(OH)D is in the causal pathway between BMI and CVD, and therefore, adjustment for BMI would dilute a true 25 (OH)D effect. This may explain the findings of Schmitz et al (19) who observed an inverse association of 25(OH)D concentration with blood pressure in African Americans before but not after adjustment for BMI. For these and other reasons, including timing [ie, 25(OH)D concentrations reflect vitamin D status over a short period relative to that over which chronic diseases develop] and small numbers of African Americans, especially those with purportedly optimal 25(OH)D concentrations, observational studies should be complemented by well-designed intervention studies.
INTERVENTION STUDIES OF VITAMIN D AND CVD OR T2D
As yet, there are few published results from large randomized trials of vitamin D supplementation to prevent CVD outcomes or T2D in any population, and no such trials in African Americans specifically. The Women's Health Initiative showed no effect of calcium plus low-dose (10 lg/d) vitamin D supplementation on coronary or cerebrovascular risk in 36,282 postmenopausal women followed for 7 y, but benefits were seen in some subgroups including subjects with higher BMI, higher cholesterol, or on statin medications (20) . Although results were not reported separately for the African American subset, the authors noted that there were no interactions of treatment with ethnicity. Another report from the Women's Health Initiative showed no effect of the same treatment on incident diabetes (21) Supplementation in this study led to a 9.7% increase in insulin sensitivity in the 42 supplemented women compared with a 9.0% decrease in the 39 women on the placebo over a 6-mo period. Our group conducted a secondary analysis of the effect of calcium plus vitamin D supplementation (17.5 lg/d) on measures of glucose homeostasis in 445 older adults and only observed a benefit of supplementation in subjects who had impaired glucose tolerance at baseline (25) . These diverse findings were consistent with the principle that increasing the intake of VITAMIN D, CVD, AND DIABETES IN AFRICAN AMERICAN 3S of 4S a nutrient is most likely to benefit those who 1) are not already getting enough of it and 2) are at elevated risk of the condition under study.
CONCLUSIONS
Despite a large number of observational studies and a limited number of clinical trials that have examined 25(OH)D as a potential determinant of CVD and T2D or its precursors, it remains uncertain whether improving vitamin D status would reduce risk of these conditions in the general US population or in African Americans specifically. However, if the associations reported from the observational studies are of the estimated magnitudes and causal, vitamin D supplementation could potentially have a strong preventive effect on some of these conditions and could reduce race-related disparities in their prevalence. Because of the low 25(OH)D concentrations of many, if not most, African Americans and the low risk associated with vitamin D supplementation, it is important to obtain more definitive answers to these questions. This will require clinical trials in African Americans studied alone or in comparison with other groups. In the meantime, it seems prudent for African Americans, like others, to aim for 25(OH)D concentrations of 50-80 nmol/L, which are substantially higher than current median values in the United States. Although this may not provide a benefit with respect to CVD and T2D, it is unlikely to cause harm and may reduce risk of these and other serious chronic conditions.
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